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Abstract 
We have offered the method of creation of the composition material on the basis of the molecular mixture of 
polytetrafluorethylene and TiO2 by absorption of the products of thermal decomposition of polytetrafluoroethylene and 
ammonium hexafluorotitanate on ammonia water. The molecular distribution of TiO2 in the structure of composite is well-proven 
by X-ray diffraction analysis. We have studied the influence of the entered connection on the yield of a titanium-fluorpolymeric 
composite in the gas phase. 
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Peer-review under responsibility of the National Research Tomsk Polytechnic University. 
Keywords: Polytetrafluorethylene ; Ammonium Hexafluorotitanate ; Titanium-fluorpolymeric Powder ; Thermal Destruction ; Process Kinetic ; 
Thermal Analysis ; Structural Analysis 
1. Introduction 
The composition materials based on polytetrafluorethylene (PTFE) and titanium oxide possess a number of useful 
properties excelling clean PTFE by their characteristic features. It is necessary to mention that the introduction of 
oxygen in the form of oxides into the structure of polymeric chain promotes heat-resistance and increases durability 
at compression and hardness of material by several times1. A number of methods of filler introduction into PTFE 
have been worked out, however, all of them are based on the mechanical mixing of two components and do not 
allow obtaining complete homogenization of a composite2. 
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Obviously, the properties of a composite can develop to the full extent only during complete homogenization of 
its components, and finding such method will allow making breakthrough in the sphere of composites science. 
Recognized methods of homogenization, such as the method of introduction of one component into the solution of 
the other, are inapplicable in terms of PTFE because of the absence of the universal solvent for PTFE and TiO2. 
The analysis of physical and chemical properties of PTFE and compounds of titanium showed that ammonium 
hexafluorotitanate (NH4)2TiF6, as well as PTFE evaporates at a temperature higher than 300 °C and condenses 
quantitatively while cooling down. 
Thus, it is possible to obtain the material consisting of a condensate with molecular mixing of PTFE and 
(NH4)2TiF6. The  capability of ammonium hexafluorotitanata to react with ammonia and ammonia water as given 
below (1) is substantial. 
 (NH4)2TiF6 + 4NH4OH  = TiO2 + 6NH4F + 2H2O (1) 
Processing the molecular mixture of condensed PTFE and (NH4)2TiF6 with ammonia water will allow obtaining 
the molecular mixture of PTFE and TiO2. Ammonium fluoride is easily removed by dissolution3. 
The aim of the study was to develop the method of quantitative introduction of titanium dioxide into a polymeric 
matrix from PTFE and the technology of obtaining the molecular composite of PTFE and TiO2. 
The preliminary study shows that mixture of powdery PTFE and (NH4)2TiF6 is sublimated with the formation of 
fluoropolymeric powder, which contains an atom of titanium of the given titanium-fluoropolymeric powder (of 
TFPP) in its composition. 
To achieve the aim of the study it is necessary perform the following tasks:  
1. To study the influence of the amount of introduced (NH4)2TiF6 on the output of TFPP; 
2. To study the influence of introduced (NH4)2TiF6 on the process of the thermal decomposition of PTFE; 
3. To study the properties of synthesized TFPP by means of the methods of thermal analysis. 
2. Materials and Methods 
The experiments on recondensation PTFE and (NH4)2TiF6 were carried out 3 in a tube furnace, which was placed 
inside a nickel retort connected to a sealed container, at the bottom of which there was ammonia solution. 
The samples of PTFE and (NH4)2TiF6 were placed inside the retort. The sample PTFE with a constant weight of 
15 g, the weight of the sample (NH4)2TiF6 varied depending on the experimental conditions. The container was filled 
with 500 ml of distilled water and 100 ml of 25 % ammonia solution . The solution was stirred actively. The 
container lid was sealed. The reactor was heated from room temperature to 575 º C for 90 min.  
After 90 min, the mixture of PTFE and (NH4)2TiF6 was placed in a container with distilled ammonia water. PTFE 
did not react with the water, and (NH4)2TiF6 was placed in TiO2. 
The composite consisting of PTFE and TiO2 was wrung out in the filter and was dried and studied by the method 
of thermal analysis XRD- and IR-spectroscopy. 
Thermogravimetric (TGA) analysis and differential scanning calorimetry (DSC) were carried out on a combined 
TGA/DSC/DTA analyzer, brand SDT Q600 with software data processing TA instruments Universal V4.2E, 
sensitivity scales - 0.1 mcg, DSC noise does not exceed 4 μW. Thermal TFPP study was conducted in nitrogen 
atmosphere, argon atmosphere and air, the heating rate was 10º C/min in all cases. 
IR-spectra were recorded on the Fourier spectrometer, a NICOLET FTIR 6700 Thermo Electron Corporation in 
the range of wave number 400 – 4000 cm-1, an allowable error limit of the wave number scale ± 0.5 cm-1. The 
samples were prepared based on the ratio of tablet compression to the test substance : KBr = 1: 300. 
X-ray analysis was performed on a DRON-3M with a copper anti-cathode. Shooting conditions: I = 25A, V = 35 
kV. 
The study of the rate of thermal decomposition of PTFE was conducted by continuous weighing of the mixture of 
PTFE and (NH4)2TiF6 with automatic recording of the mass. The degree of decomposition was determined by mass 
loss, which was caused by the formation of gaseous products of (NH4)2TiF6 sublimation and thermal decomposition 
of PTFE. The temperature was maintained to a precision of  ±2 ºC. 
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3. Development and Results 
The study was conducted for the mixtures containing 1, 5, 10, 15, 20 and 30 %  (NH4)2TiF6 and 99, 95, 90, 85, 80 
and 70 % PTFE accordingly. 
Condensation of TFPP from the gas mixture of (NH4)2TiF6 and PTFE sublimation with subsequent precipitation 
by ammonia water depends on the proportion of the mixture loaded in the reactor. The degree of the condensation of 
thermal destruction products grows with the increase in the (NH4)2TiF6 concentration in the mixture. 
The degree of condensation of thermal destruction products of PTFE in gaseous medium of (NH4)2TiF6 increases 
with the increase in (NH4)2TtiF6 concentration in the initial load. From the experimental data, it is  evident that the 
highest yield FPP was observed when  30 % (NH4)2TiF6 is introduced into PTFE. 
When the (NH4)2TiF6  concentration of increases to 30 % the yield of the final product (FPP) of about 40 % is 
obtained from the initial sample mass of the mixture in the hard phase, and the percentage of gas losses is somewhat 
more than 20 %, but the residue in the reactor  amounts to approximately 40 % (Fig. 1). 
 
 
Fig. 1. The experimental results obtained in a laboratory installation: а) Dependence of yield FPP on the (NH4)2TiF6 concentration; b) 
Dependence of loss in the form of gas on (NH4)2TiF6 concentration 
When the (NH4)2TiF6 concentration decreases to 20 %, gas loss increases up to 30 % (Fig. 1) and the yield of the 
final product also decreases by 10 %. The percentage of residue changes proportionally to the losses in the reactor. 
Thus, it is obvious that the optimal amount of (NH4)2TiF6 added amounts to 30 % which provides the maximum 
yield of the final product (FPP). 
Joint thermal decomposition of PTFE and sublimation of (NH4)2TiF6 (Fig. 2) at a temperature of 500° C and 
higher goes on at a high rate, while the sublimation of (NH4)2TiF6 added accelerates the process of decomposition 
which can be noted on the lines at 500° C and below and is expressed by a smooth concavity on the area from 30 % 
to 60 %. 
The presence of the second component of (NH4) 2TiF6 practically does not affect the rate of the process. It takes 
the same amount of time to  complete decomposition and sublimation as for other fluorides examined within this 
paper. 
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Fig. 2. The dependence of the degree of sublimation of the joint (NH4)2TiF6 and thermal decomposition of PTFE of time. The lines represent the 
experimental data points being the values obtained by calculation according to the equation (2) 
The data dependences (2) of the degrees of joint sublimation of (NH4) 2TiF6 added and thermal decomposition of 
PTFE (α) on the time (τ) and temperature (Т) within the interval of temperatures 475…525 ºС are shown on the 
basis of the result.  The process is well described by equalization of contracting sphere. 
 ߙ ൌ ͳ െ ሺͳ െ ͳǤ͵ʹ ή ͳͲ଼ ή ݁ݔ݌ሾെ ଵ଻ସସହଷோή் ሿ ή ߬ሻଷ  (2) 
Apparent energy of sublimation process activation of 30% (NH4)2TiF6 and thermal decomposition of 70 % PTFE 
amounts to 174 kJ/mol. As a result, the limiting step of this process is the kinetics of chemical reaction. The method 
of process acceleration is temperature increase. 
Features of the molecular structure of the resulting powders TFPP are investigated by IR spectroscopy. The 
varieties of the powders (Fig. 3) have similar bandwidth IR spectra PTFE 4 (511, 557, 632, 1159, 1218 cm-1). For all 
the  powder varieties characteristic band at 983cm-1, which is characteristic of the vibration-CF3 group branched 
species-CF2-CF (CF3)-CF2-. 
 
 
Fig. 3. Infrared spectroscopy powders, obtained by adding in the initial mixture а) 1%, b) 5%, c) 10%, d) 15%, e) 20 %, f) 30% (NH4)2TiF6 
Besides the charge 30 % by mass (NH4)2TiF6 and 70 % by mass PTFE, the strip transmittance at 1783cm–1 
characterizing oscillations end group –CF=CF2 is present throughout the range of the mixtures. 
The strips at 3216 and 1419 cm–1 characterizing the N–H bond in the ion NH4+ 5,6 reveal some NH4F content in 
powders. Bandwidth for communication in the Ti–F ion TiF62– and TiF4 at 618 and 719 cm–1 respectively is missing 
or hidden under a more intense strip of other molecular groups. 
The strip at 1652 cm–1 is characterized by water crystallization in the TFPP samples. To confirm the presence of 
titanium component in TFPP samples, we need to conduct additional research on the structure of composites. 
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It is clear from the diffraction patterns that the TFPP sample consists of reflexes present characteristics for PTFE, 
TiOF2 and TiO2. 
 
 
– (–CF2–)n,  – (NH4)2TiF6,  – (NH4)3AlF6. 
Fig. 4. Diffraction patterns TFPP–5 (а) и TFPP–30 (b). 
As the content of the initial mixture filler component (NH4)2TiF6 increases, the reflections characteristics of 
crystalline phases TiOF2 and TiO2 intensify; it shows the growth of the component concentrations. 
Thermal decomposition of TFPP powders (Fig. 5) differs from PTFE and FORUM®, the product of thermal 
degradation of PTFE7. The temperature at which the weight loss starts is the same for all the samples and equal to 
160° C; the final temperature of the end of mass change in the samples is 550° C. 
 
 
Fig. 5.  Derivatogram of KFPP synthesized samples obtained from mixture of : a) PTFE + 30% (NH4)2TiF6, b) PTFE + 20% (NH4)2TiF6, c) PTFE 
+ 15% (NH4)2TiF6, g) PTFE + 10 % (NH4)2TiF6, in the air atmosphere 
Step weight change is characteristic for all samples of TFPP, and we can clearly identify two fractions with 
different thermal stability. Low-molecular phase comprises 15-20 % of the original sample. Endothermic peak, 
which takes place in the region of 380…390° C on DSC (differential scanning calorimetry) curve, is observed for all 
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samples. This is due to removal of crystal water from the inorganic component of fluorpolymeric composite, [8], 
wherein a peak is only a relevant characteristic for the mixture content of above 10 %. 
Based on the structural and thermal studies of the results of composite materials of TFPP, we have concluded that 
the polymeric component has a similar structure to the material FORUM® 7; however it has its individual 
characteristics as well: the presence of an amine group in the structure, the presence in the form of TiO2. 
4. Conclusion 
1. We offer a method, which allows developing the technology of synthesis of molecular composite on the basis 
of PTFE and TiO2. 
2. It is most optimal to use (NH4) 2TiF6 for introduction of TiO2 in PTFE. 
3. Optimal correlation of PTFE is + 30 % by mass (NH4)2TiF6. 
4. The yield of the final product in a hard phase makes no less than 40 % of the total mass. 
5. Wastes, shaving, and wastes from PTFE can be used as a source of PTFE. 
6. Degrees of decomposition (of thermal degradation) of PTFE with addition of 30 % mass ratio (NH4)2TiF6 on 
temperature and time is described by equalization 
 ߙ ൌ ͳ െ ሺͳ െ ͳǤ͵ʹ ή ͳͲ଼ ή ݁ݔ݌ሾെ ଵ଻ସସହଷோή் ሿ ή ߬ሻଷ   
7. We proved via IR spectroscopy method that all the samples synthesized TFPP contain bonds O-Ti-O in their 
structure, and all characteristic bands of PTFE. 
8. XRD analysis reveals TiO2 in TFPP crystal structure that shows molecular introduction of TiO2 in the 
polymer. 
9. The proposed method is characterized by simple hardware design, lack of expensive reagents, and can be 
implemented in industry. 
Work is performed under the grant RFBR 11-03-12099-ofi-m-2011. 
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